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== (54) Title: LITHIUM-CONTAINING COMPOSITE OXIDE AND NONAQUEOUS SECONDARY CELL USING THE SAME, 
[= AND METHOD FOR MANUFACTURING THE SAME 



n 



10 



20 



30 40 

i mm 2 9 (S) 



50 



60 



70 



1... DIFFRACTION ANGLE 2 9 (DEGREE) 
2 . . .DIFFRACTION INTENSITY 



(57) Abstract: A lithium-containing composite oxide, characterized in that it has a composition represented by the general formula: 
Li 14x+a Ni (1 . x . y+dy2 Mn (1 . x . y .j ^ MyOz, wherein 0 g x i 0.05, -0.05 g x + a g 0.05 and 0 S y ^ 0.4, and 0.1 ^ 5 ^ 0.1 (when 
O 0 ^ y ^ 0.2) or 0.24 £ 8 ^ 0.24 (when 0.2 < y ^ 0.4), and M is one or more elements selected from the group consisting of 
Q Ti * Cr » Fe > Co > Cu, Zn, Al, Ge and Sn; and a nonaqueous secondary cell having a positive electrode using the lithium-containing 
composite oxide as an active material. The lithium-containing 
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AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 -□ 2 X* 3- KXtf<fi(DllftffilCOtXTIi, JgJttf&fT^tlS 

(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, &PCT1W "J h <D«ffll=ffltt £ *VC 1*3 f q - K t BUS 

LU, MC, NL, PT, SE, TR), OAPI ftfr (BF, BJ, CF, CG, MVjf^y - h J £#R8. 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 



composite oxide has a stable layer crystal structure and a high density, and thus can be used for manufacturing a nonaqueous sec- 
ondary cell which is excellent in the reversibility of charge and discharge and in durability and exhibits a high capacity. 

(57) gift: 

—ffllft'L i 1 + x + a Ni (1 - x - y + J )/ 2 Mn ( i- x -y-«) / 2 M,0 2 C 
fetch. 0^x^0.0 5, -0.0 5^x + o^0.05, O^y^O. 

-0.l£d£0.1 (tctzls, O^y^O.20tt) 
ii-0.24^6^0.24 <fc£U 0. 2<y^0. 4<Dt%) 
ot, MteT i, Cr, Fe, Co, Cu, Zn, A 1 , G e & S 
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m m m 

iitbt, l i c o o 2 £iEffifc:/B^, mm%kttn*$kmizm^itv 

tT^ffi^tlTV^, UfrL&^S, L i C o O 2 itf^ilT^S C 

Z\<Dtctb, iJf<)A^tIffl©EM!|BftlTlt LiCo0 2 i: 

1 
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Tfc> 7>¥*)imffim<DV3 : -iy&V>%>mky!}T*$>Z>L i 2 Mn 4 O g 
> L i 4 Mn 5 0 12 , Li Mn,0 4 a^ftlSni^f), #CL i M 
n a 0 4 #L i fc#L-T4 Vtf ifi0*flE«ttT#M#WttT*S E £ 
fr£>, fiA/fcW^fft>nTV>S (W6 - 7 6 8 2 4tm #H 
5 ¥7-7388 3^&$g, #§8¥7 -2 3 0 8 0 2*&jR, #lfl¥7- 
2 4 5 1 0 6 „ 

Li C o0 2 ©8Mfttt«&*»2 7 4mAh/gt*5iW 
, SIVi3teft«&ff 5 tL.i Co0 2 «ft^cbXt-f^J^H 

10 }il2 5~14 0mAh/gO«glC^S, 

^ni:^lt, L i Mn 2 0 4 ©I^i§Itt 148mAh/gT 
a&5^, :«LiMn 2 0 4 t)LiC oOjt^ifcMitCffl^S 

15 €*&*&9 0-1 0 5mAh/g|gl:^l/TL$5. Z\(DZ\£frt> 
hmt>frfc£5lZ, L i Mn 2 0 4 ^iES«^»^LT^^-r^m^{C 
tt, L i Co0 2 £IE^?£$JSt£LT&ffl1-£:i§£ckD&«M:S£* 

*&v L i C oO 2 0l»4. 9-5. 1 g/c m 3 T&30k: 
20 **U LiMn 2 O 4 0STO4. 0-4. 2 g / c m 3 0 4£l> 

$ %\Zs L i Mn 2 0 4 $IEM«^MiLTfflV^cU9 1 ^A-^*m 
T'tt, £tt**fc43*t<5L i Mn- 2 0 4 g#CD»Ji^5Sf^ , T?*SfcJe) 
25 , lM*;W#tt#«L i Co0 2 ^«m«fcl9 "b*V>£V>5 
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L i MnO a fc£0»#©U^£AT>#>»fc*&£E«#tf 

H^LWr, Xtf^JH'Jf!7A , 7>^>ift!|Sl (LiMn 2 0 4 ) 
10 CI, LiMn0 2 «$n§ 0 5 jE2rft^0*H£fl5tt 

£fc> L i tMiKDMf&^JVft. (Li/Ma) Sitbfci^fctt, 
15 3f0MnllJ;at->- x 7 L iMnO 2 0iiii 

(L i Mn 0 2 ) L i Mitifl 0 ~ 1 . 0 (D|SHT«^, 
^W»C*Jft*^miBT»D, 3i5±te$J2 8 5mAh/gMiti 
tW, t:^, «J»l3te«I^K:4<lli<Z)Mn©«I^Jt^afcbfc««Vi 

25 tot, LiMnO^fOi^OU^AT^^^^^ 

3 
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10 So 

N i (1 _ x _ y + ff , /2 Mn d-x-y-a) / 2 M y 0 2 Cfc;EU O^x^O. 
05, - 0.0 5^x + ^0.0'5, 0^y^0.4TfcD, -0.1^ 
<5^0.1 (fc£U Ol^y^O . 2<Dt%) 0 . 2 4 ^ 5 ^ 0 . 

15 2 4 (fcfcU 0. 2<y^0.4©tf) TSoL MtiTi, C r 
, Fe, Co, Cu, Zn, Al, G e te&ZSS n^^5P)5^IK 

+ x + a N i (1 _ x _ y + J ) /2 Mn (1 _ x _ y _ a) /2 M y 0 2 tfzf£l>, 0^x 
20 ^0.0 5, - 0 . 0 5 ^ x + 0 . 0 5 , 0 ^ y ^ 0 . 4 0 , -0 
.1^(5^0.1 (fcfcU O^y^O. 2 ©<h#) $&«-0.2 4^5 
^0.2 4 (fcfc'U 0. 2<y^0.4<O££) TJ&oT, M«Ti, 
Cr, Fe, Co, Cu, Zn, Al, Ge*«t'^Sri^6asS*5 

4 
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ffiiESflHfcR^ — «!5CL i 1 + X + 0 N i (1 . x . y+l)/2 Mn u- x -y-s 
)/2 M y 0 2 CfcfcU 0^x^ 0.0 5, - 0.0 5$x + ff^0.05 
5 , O^y^.O. 4T?*0, -0.1^6^0.1 (fcj£U 0^y^0.2 
©<h£) *fcJ4- 0 . 2 4^ <5^ 0. 2 4 0. 2<y^0.4 

©££) T&oT> MttTi, Cr, Fe, Co, Cu> Zn, Al, 
Ge*<k^S nd^^5S^5SWSnfcia^±©7n*] 

10 

15 0*r/t^->Sw'*" 

EI 3 tt, *3S9i©£«0!l 9 T£-J& Lfc U 3^ &<kGm&M1kW<DXn 

* - > EI T & § o 
0 4 «U *£%© Jtttffl 4 T-q fife bfc U A^«-&Blft«I©X» 

HI $ - > * jfcT 0 *c * 3 o 

^f!l2T^^UfcU5 1 ^A^W1i^^b#I^iE@^>fflV^cm?l&©iE^© 

25 
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^HJOU^A^WIt-Sg^bim, -j&iSL i 1 + x + a N i (1 _ x _ y + ,> 
/2 Mn (1 _ x _ y _ a) /2 M y 0 2 0^x^0.0 5, -0.05 

+ 0iyi0.4T*t),.-0.1^tfiO.l 
5 U 0^y^0.2<Z)<h#) 0. 2 4^(5^0. 2 4 (fcfcU 

0. 2<y^0. 4<Z><fc#) T&^T, MttT i , Cr, Fe, Co, 
Cu, Zn, Al, G e&£XfiSnfrt>f3i&mft<o : miR2tlfcim&± 

N i £Mn<D»Jt#U : 1 <h&3iia/&£ + ;i>£ r<|®&ft£: 

io m.j&mm<DMeimmx*&z> 0 

is tiLfimyrzt^smmtftkczo ^(dtc^. Mn<D#m£4#K:ifiv> 
{it-r^&g^fcS/^ 4 m <dm n <Dm&&m \z is refine xt:^ 

±&WkmiZftLT\$. LiMn0 2 l:Li^IIJIlt 
20 fSfTMn©^|fit§^f<t§* 1 L i MnO 2 <DMn£> 1^ 

^©^H, N i tMrKDA&tf* 1/2 : 1/2, fftb^ 1 : 1 t 
25 &5L i N i 1/2 Mn 1/2 O 2 0-^Tt$n5I^§I*iL/T, 
N i ^cfc^Mn^^-n-^nx/2-f^L i Tfi^^n, N i £Mntf)» 

6 
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: 1 /2 3^6 ^rtl^tl <5/2cfe<fctf- 6/2 fcttftU L i 

7C^M (fcjEU M&T i > Cr, F e > Co, Cu, Z n, A 1 > G 

5 T&fc>*>> — J&jSL i 1 + x + a N i (1 _ x _ y + fl) /2 Mn (1 _ x _ y _ tf 

)/2 M y 0 2 CfcfcU 0^x^0,0 5, - 0.0 5 ^x + a^0,05 
, 0^y^0.4T2&0, - 0.1^<5^0.1 (fcfcU 0^y^0.2 
Sfctt- 0 . 2 4^ <5=g 0 . 2 4 (fcfcb, 0. 2<y^0.4 
Oif) T^T, MttTi, Cr, Fe, Co, Cu, Zn, Al, 
10 G e S n* 6&S»A»6aiR§nfc 1 IKIOtc*] T^StlS 

(£«k*3. 3~4ffi) MitOL i © H-^<ktKlK 

Sfctl*. #3S9!te*V>Ttt, MniDitirbT, X»!»JR^ 

20 (XAS) fc£D«£b&tt$JBV>fc. 

VifcX«®«fa«ft|f5t, 02Jt£2 0#1 8° #jfi*ck^4 4° #i£ 
25 fctt, LlNiOa® (0 0 3) fiitf (104) 0@$f.fc!-£ KftS 

"r-sm^fhf-^^n^ni^r^^&b, a^, 6 3°~6 6° ©15 

7 
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HKltt* (1 0 8) &&Zf (1 1 0) <D®ffi¥-2\zmmt%2*<D® 

5 4 4° #ifiO®jTtf-^,<D®«, f ^b^iisiss^ni 18 & 
ZXfl 4A £V1tt$fc* -ZQUkl 44 / I lt tfi. 0. 9 <"I 44/I is 
£1. 2 (&£U 0^y^0.2©tf) , StcUO. 7^I 44 /I 
18 £ 1 (fcfcU 0. 2<y^0.4Otf) JtfB6 3 

0 ~6 6° 0«Hfc*S 2#®|II$f£-£0|5lJra (2 0) (D^d Siifi 
10 , 0. 3°^0a^O. 6° (fcfcU 0^y^0.2tf)«h£),£fc 
ttO. 55'^9a^0. 75° (fcfc'U 0. 2<y^0.4(Dif 

c: © «fc 5 & u &$mfe&m<k%i<z)ftftnmmte* x \z*)vm<om 

ii L i Mn 2 0 4 tmm\Z, 4 V#jfi©«JEE««7?0*tt«*« 
15 WIST*?), fi£*©IE®?£tf3?T&3L i Co0 2 ©^ftlttffit 

5 5-4. 9 5 g/cm 3 i:^t&tt^:D, V*#Hx*;i^-a?af 

<&> L i C oOjOMifcifiV^tJiltaSfeCt^^ns. 
te, {b¥»liJt{cjavim^©tttc^:^75:Mt^«9> - 0. 0 1 5^x 
+ «^0.0 15C*^T, ££^4. 7g/cm 3 KiOlM^ 
25 'Kfls*fcfc*d£#t>#o&. 

±^Lfci"5 *HiO'J^^A^tI^ttt{t LiN 

8 
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. i 1/2 Mn 1/2 0 2 <D^o \Z, NiiMn^l : 1 tfe&mj$,%g*t 

tTiis^ ■2t>\znm\zwL$,mM%ft'Drztz.z, Ni, Mn&^oc 

M£>»ffcrtU : l : l -r^iD%-m^,L i N i 1/z Utl x 

/3 M 1/3 O 2 Ti$ny=l/3i:^;§lli0ig§l:^^T, &\zmtl 

±IB— ^^IL i 1 + x + a N i ( i- x - y + J )/ 2 Mn (1 _ x _ y _ 8)/2 M y O 
2 (Tcfcb, MtiTi, Cr, Fe, Co, Cu, Zn, Al, G e £ 

s n^&fcssu osftsnfc i msk±(D7um) \z&^x, osy 

^0. 2©m^l5HT«, N i iiMiKDiJfcOrn (6/2) &/]n$<A 
10 #bfrfl^£tl&V^t, 0. 2<y^0. 40E^I5ST», ffcikffim. 

15 0. 2<y^0.4©££fc»v d<D£?)#£ttH#*-0. 24^3^0 
. 2 4 <h/£<&3<DT&S. 

0. 2 <y^ 0 . 4 ©iMfgfflfc&^Tte:, 0^y^0.2© 

20 0. 2 <y^ 0. 4 0m.J&&®tZ&^T : t<DM®mU&& : £4. 7 

5~4. 9 5 g/c m^^SCCMl, 0 ^ y ^ 0 . 2 Oif&J&igffl 
*^T^"(Z)E^«feJ;^4. 5 5-4. 7 4g/cm 3 l?$§ t 

y£>±^ii£0. 4£bfc<Z)&, y>0. 4 (DiSa^, f&fc> 

25 izmmmf&zn, ^mo^^m^ti^uE^r^m^^^-r 

9 
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UtC> 3 0 6 4 6 5 5 9 - 1 9 9 1 2 7 

1 0 - 6 9 9 1 0 HI 2 0 0 0 - 2 9 4 2 4 2 m&Mfc 

fcfttt © U ^ # A ^rfc'&Kfc « *s# 6 n § £ <h * H ^ t fc <D "C fctfc: 

10 fc£tt*«fctfN Ifc£*fc£fcfi£LT»£T*«W--Ctt, ^©#-*B 

25 m©p*i4, *$gfc£#*£<«fcT*fc©££;bn*. 

10 
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LTnt>nzfc&y>i-&£*m^nte&<, n 1 0 . 6 Mn 0 . 5 (oh) 2 

, NiMn 2 O r N i 0 . 6 Mn 0 . s OOHfc£\ N i £Mn<7WbtJ£ 
(MBTi, Cr, Fe, Co, Cu, Zn, Al> Ge&&Z$Snfr 

M n t £ 6 £ M ^ $ ft H £ft £ ^ 86 d> £ ffl ^ 3 £ £ # W £ b 

A, imU^A, JMbU^tfA, 1&teU5P£A, ^X>mU5^A, 
7yfcV^O&, H^fbU^A. H^U^A, v^&U^A, 

25 £<fc^7 0 0- 1 1 0 0^1-2 4%fm'mi&~rZ>C£1 l Z&r),. 

ii 
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L i ©fc&$i£:4>&< ifeNi &£tfMn£$fj&7niit£ b 
lftl«0^--tt««a»:fen«fcViofclBI«^4C*2:i:^*«. s 

15 ^WESti**)©"^*^**, afiflt* 0. 5 - 3 0 ftWg£Tfr*.tf J: 
£fc, fflfEL i (Dik&mh'>-te< t &N i *5«fctf Mn £«J5fc7G* i b 

20 Tx^'j-^ia, aiaffl3i?-;i/5;w«:ST?3 o-6 o^wi8«»^u 

12 
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±e# Tsommt it«, mum^mi oogsr^i dm 3 /^ 

, Mn 2 G 3 ^L i 2 Mn0 3 /5: ( !:^IWMW<&§, 

, x*x/\'>f*^;k :7*-a;**;k c turn 

15 

•*#tt*lft±***2:i:J5«T?*-5. CO'J^'JAttn^Mflslii: 
ITS, LiCoO a ©fl&, C o<D-ffi&m<D7tms IflAtfN i Tfi 
25 LfcL i C o !_ t N i t O 2 fc £0fb£«r fcffl V>« ££#T££o £© 

13 
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5 btit Li-Al^, Li-Pb^, Li-In^, Li-G 
a^M£0'J^7A^, Si, Sn,.Mg-S i*&fc2, U ^ 

10 i^tt^t^ffl^s^t^ts. *fc> .lib ©«»©##&«-& 

©M*) =1- 5-3. 5it*CtlCitl, ±BBU5 1 ^A^«'&BI 

©ms) =4-7 t-rzo&m&VK. 

14 
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10 fcfc'U tMltl/T«, ±|B«tfcXX7 t ;KO*T?«^-rSJ:Dfe' 

, Mm^*©iRi±^0^feis6^±iBii^xx5 : -;KcMS^©i«^ (g& 

X\Z. 1, 2 h^X*^ 1, 3-i?t^V7>, f h7kh' 
D77X 2-/fJl/-fh7tFD77>, ^X^X-x^frt*** 

15 
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%m®m\z®ffi2^%nmwtLT\t, l i c 1 o 4 > Li 

PF 6 , L i BF 4 , L i A s F g % LiSbF 6 > LiCF 3 S0 3 , L 
iC t F,SO,, LiCF 3 C0 2 , Li 2 C 2 F 4 (S0 3 ) 2 , LiN 
(CF 3 S0 2 ) 2 , LiC (CF 3 S0 2 ) 3 , L i C n F 2 „ + , S 0 3 ( 
5 n^2) ^£AS#^T*fc»2S^±^^bTffiV^n§o & 

ftfcftnnwmmznzL i pf 6 ^l i c 4 f 9 so 3 ^^*wsu 

tefc^tf, 0. 3-1. 7mol/dm 3 , HCO. 4~1. 5mol 
/dm 3 it^WSU^. 

15 0#<fc< % 5~ 5 0 umcom^X, #'J 7*o tf U 

IC, 5-2 0MmifUt/1l/-^%fflH&«^ttt, 

■ (3**111 >■ 

T^-r^sflmu cn£a&ft#L-fc#«s, ^©4 , «i^7^ 

16 
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IS, 2 5@S%(^T> : e-77K^^tl J 6n4 6 cmVM^ 

3. 3 cm 3 /^OU^I#>^ffl^XiTl, NiiMnCD* 

5 ft. EJ&*0pH#m 2#jfifciHj#$nS«fc^fc, 3. 2010 1/(1 

10 ffl£T-£WT5#BMfc;<»£U d©*Kft«0. 2molt> 0. 19 
8mo lOLiOH* H 2 Oi^il, ^-<Z)2i£ll£x* J 

^SfcAn, 1 draV^O^ltt'S 0 OtSTjPit, 

is mT2mmuw?z>£tiz&K) : ?mtom*ff^, $6cioootn# 

20 5, L i o. 99 N i o. 5 Mn 0 . 5 0 2 T^^tl§I^lr^§ C ttft>fr? 
fro ±Bfll'&«©«ji^«fSff5fc«)te, &#lg*#S Rir>^ 

-b£J8V>T, Mn0Xl®JRM (XAS) Zft^fc. fc&nfcx- 
^<Z>$?$It&, (Journal of the Electrochemical Society, 146 p2 
25 799-2809 (1999)) MV7h "REX" (U#£m$SS) 

17 
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mH->7)V£VX, Mn0 2 ££tfL i N i 0 . 6 Mn u 5 0 4 
¥i%mms4m0Mn&^?%fc£®tVT0%mi)->'7)V) , LiM 
n 2 0 4 (¥J»M*3. 5m(DUn^t^^^tbX<D^mD-> 
7)V) , LiMn0 2 *«fctfMn 2 0 3 ( E% S fe^^tifc^ 3 ffiOM n 

;P © M n <D K iftJRffl&B £ M n ©Mc £ © £ ©Hi® i§S £ ^ , 
±fBfb-^tlOMn©K®iR)iS©tt^, Mn0 2 *itfL iN i 0 . 6 Mn 

10 n<DTOMiC«Q^4^i^*^fc, 

N i fc^T», 3M±0N i ^^fr^^it>^ibT^^iO: 

i N i 0> 6 M n !. s 0 4 tKWmiffi&WtfmZm DT&o £ C 5, 
15 ±Bfl5£4fc©N i OW«JfcttS«2«T»*Ct3Q«Ji€Snfc. 
(MOT 2) 

^ 1 tRfilfcl/TMlfcN I iMn* 1 : 1 ©fj^T^Wrs 
fcMitVllO. 198moli, 0. 2 0 2mo IOL lOH ■ H,Oi 

&nmv, ^ymmm 1 tmmizvTL ix.01Nio.495Mno.495 
nmm 1 tmm\zVT&i$.LtzN i tMn$i 1 (dmgts^?z> 

TkMitWlO. 196molt, 0. 2O4mol0LiOH«H 2 Oi 

znmh, ^rmmmi tmm\zLxh i 1 ., 1 ni,. 49 mii' 0 . 49 o 

18 
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1 tWttbT^lfcN i tMnSl : 1 CDH^T^WTS 
*Ifcft;ttO. 194molt, 0. 2 0 6molOLiOH-H 2 Ot 
£M;U &T*«0!I1 i^iCtTL i i. 03 N i o. 4 8 5 Mn 0 . 485 

5 

jJcftfcftO. 192raoli, 0. 2 0 8mol<DLiOH-H 2 Oi 
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